Human biological materials and related data stored in biobanks are valuable resources for biomedical research. Transparent, effective, and efficient governance structures and procedures for access, compensation, and priority setting are needed, but recent debates indicate challenges in the practical application of such governance processes. This study aimed to assess the practical experiences and attitudes of biobank experts regarding the governance of biosample access, prioritization, and compensation. Qualitative, semi-structured telephone interviews were conducted with 20 biobank directors from eight countries. Respondents highlighted the need for sound governance structures in order to ensure acceptance by all stakeholders (patients/donors, researchers, research funders, public, and others). They stressed practical difficulties in trying to make best use of biomaterials. As biobanks often form part of larger academic and clinical settings, the different and sometimes conflicting interests of researchers, clinicians, patients, funders, and biobank staff currently affect the governance of access decisions. Investments such as intellectual input, financial, and human resources need to be compensated adequately. Biobanks thereby have a dual role stewarding the hosted biosamples and acting as a service provider for local researchers from universities or hospitals. In order to facilitate efficient use of human biological materials, greater harmonization of at least minimum standards for access and compensation are required at both a national and an international level.
Introduction
Human research biobanks are widely recognized as valuable resources for biomedical research [1] . The ultimate aim of biobanking is to build and run quality-controlled storage facilities and infrastructures to enable future biomedical research [2] . Thus, access to biosamples and their associated data needs appropriate governance structures in order to best support the goal of progress in biomedical research [2] [3] [4] .
Access to biosamples
Accordingly, in recent years the ownership of and access to biosamples and related data have been debated intensively [4, 5] . Several internationally recognized guidelines and recommendations on biobank governance offer guidance on these issues [6] [7] [8] . However, most of these provisions are of general nature and need to be adapted individually by biobanks. For instance, recent empirical research revealed a substantial lack of availability of access policies in practice [9] . Moreover, with regard to access requirements, available access policies vary widely and are neither standardized nor harmonized [9, 10] .
Added to this, the limited availability and accessibility of biosamples for researchers has been criticized [11, 12] . For instance, a US-based survey among cancer researchers revealed that more than two-thirds of researchers had difficulties obtaining the required biosamples [13] .
Compensation for efforts
Another obstacle to biosample access claimed in the literature is limited or zero compensation in terms of recognition for the efforts and resources invested [14] . In principle, compensation is due all biobank stakeholders directly involved in the donation, collection, processing, and qualitycontrolled storage of biosamples, that is, not only the biobank staff itself, but also the contributing researchers and clinicians as well as the patients/donors.
As a means of compensation, the Bioresource Research Impact Factor (BRIF) has been proposed to measure the impact of individual biobanks in biomedical research [14, 15] . The idea behind BRIF is to allow external researchers (e.g., researchers who are not affiliated with the biobank and/or have not contributed to the specific sample collection they are interested in) to access parts of the biosample collection; therefore, the biobank receives long-term recognition for the efforts to build-up and maintain its collection(s) [15] . In order to make this recognition visible, the BRIF requires a standardized citation of an individual (or several) biobank(s) in publications using its (or their) biosamples [16] . However, the BRIF is still under development and so far not widely implemented; awareness of it is very limited even among biobank stakeholders in genetics [14] . Moreover, the BRIF is focused solely on the biobank itself or its institutional host (e.g. a university hospital) and thus fails to acknowledge other actors significantly contributing to biosample acquisition (e.g. clinicians and their contributing departments/institutes or individual researchers).
Prioritization
Finally, unlike data, many human biological materials are finite resources. While DNA is often available in relatively large amounts and DNA analysis methods are available that can rapidly analyze most of the whole genome, postgenomic research (transcriptomics, metabolomics, and proteomics) mostly uses other biological materials, such as plasma, serum, tissue, and urine. These biosamples might be valuable to a multitude of research projects, and are normally scarce as they are often fully consumed by those projects. Thus, related to the question of access decisions, another important issue to consider is how to prioritize the allocation of such relatively scarce biosamples.
What is the current practice of governance?
Several empirical studies demonstrate heterogeneous and partly insufficient application of governance procedures in practice [9, 10, 17, 18] . In order to improve this situation, it is essential to have a comprehensive understanding of the currently applied spectrum of governance procedures and elements. What are the practical experiences of personnel in charge of the management and governance of human biobanks? What obstacles and challenges do they face, and how do they currently deal with them?
We aimed to assess the perceptions of biobank experts regarding the governance of "biosample access" in three areas: (1) assessing the spectrum of different approaches to access governance in practice, and challenges that might occur in this regard, (2) assessing the spectrum of procedures to compensate both biobanks and contributing clinicians/researchers for their efforts, and what kind of experiences have been made in this regard, and (3) assessing the current positions and experiences regarding situations where access is subject to priority-setting decisions.
Methods
We performed semi-structured, open-ended interviews with biobank experts, that is, persons in responsible positions at biobanks and with wide competency in the overall governance of the respective biobank (e.g., director, scientific head, Principal Investigator, or comparable). The study protocol was submitted to the Hannover Medical School Ethics Committee and was approved by a positive vote following an expedited process (EC number 3324/2016).
Based on a review of current debates reported in the literature, and drawing on our own previous studies [9] , we developed an interview guide to carry out semi-structured interviews. The full interview guide is available as supplementary material (Supplementary 1).
Sampling
To identify the experts, we followed four different approaches: first, we randomly contacted seven heads of German biobanks. Second, we identified experts via the program outlines of international biobank conferences. Third, biobank registries and catalogs such as BBMRI [19] , P3G [20] , Eurobiobank [21] , and the website Specimen Central [22] were used to identify experts and fourth, in most interviews, we asked the participant if he or she could name further potential experts. Thus, our sampling was purposive, because we aimed to assess the diversity of existing perceptions and relevant expertize.
All interviewees were sent the same invitation letter (in German for the German experts and English for the international experts) and signed a written consent form. [23] . The first 13 transcripts were analyzed by one author alone (HL). Relevant interview passages were identified inductively, and a descriptive code was applied. Text passages and codes were matched in order to collate and build thematic clusters. Following this approach, the findings were clustered into a matrix of thematic topics and subtopics.
This matrix was checked for validity and consistency by another researcher (HK). Through extensive discussion within the research group, the matrix was further refined in order to best synthesize the information. Two researchers (HL, HK) then analyzed the remaining seven transcripts independently, using the refined matrix. Analysis was complemented by adding and further modifying codes until preliminary thematic and conceptual saturation was achieved for the main topics and first-order subtopics. Thematic and conceptual saturation implies that no new topics (themes or broader concepts) can be generated to extend the matrix. This resulted in a matrix of broad themes and narrow subthemes and topics.
One other researcher (DS) then checked all transcripts and the resulting matrix. In a one-day workshop, the findings were discussed and slightly modified to allow for internal consistency and external validity. A final matrix was agreed by all researchers engaged in the analysis (HL, HK, and DS).
All qualitative analysis was performed using MaxQDA [24] .
Results
Of 37 biobank experts contacted, 20 agreed to participate. Of the 20 interviewees, eight were from Germany, four from the United Kingdom, two from the Netherlands, two from Sweden, and one each from Luxembourg, Switzerland, Israel, and South Africa. All interviewees worked in academic research settings, e.g., biobanks based at university hospitals.
The key result (primary outcome) of this interview study is the qualitative spectrum of themes and topics that biobank experts mentioned when interviewed about current decisionmaking regarding the three overarching themes: (1) biosample access, (2) compensation procedures, and (3) perception of/experience with prioritization. Table 1 specifies the three overarching themes and presents the themes with their specific topics in more detail (see also supplementary table 2 for exemplary quotes for each specified theme and respective topics). In the following, we present a brief selection of topics and quotes in an illustrative way to facilitate the understanding of the qualitative spectrum.
Biosample access
Asked for their practical experiences with deciding on sample access, the respondents provided a broad range of distinctive elements that frame their access decisions. These elements are (1) the adoption of an access policy, (2) the access committee, (3) veto rights and the appointment of gatekeepers, (4) ownership questions, and (5) the role of biobank in sample access governance.
Access committees
An important element of sample access is the appointment of a scientific board to review access inquiries and project proposals. The respondents reported significant variation in the type and scope of these boards. Besides different names for the board (e.g., scientific review board, management committee, etc.), they also varied in terms of their working structure. For instance, while in some boards decisions are made only by majority vote, one 14 Linked data and samples more valuable for research respondent highlighted the possibility of a "rota system" with one defined lead reviewer:
"(…) we got pathologists, surgeons, molecular scientists, the whole sort of range of people.
[…]But that was taking too long. So what we have actually done now is there will be lead reviewer […] . So whoever comes up to the top of the list next, they will review the application. They will let the rest of the panel know what their decision is and only if somebody disagrees with that decision will it then go out for a wider review to the whole panel." I7 Virtually all respondents highlighted the need for a sound review system in order to ensure scientific quality and the best use of the stored resources:
"(…) you have to think about the ethics of access as well. And so we've taken the standpoint that material that you take from a patient where you've consented and said it's going to be used in research you almost have a contract with that patient to make sure that really it's used in research. So you should make it as widely available as possible but it has to be good science otherwise it's a misuse of the sample and actually you've broken the contract with the patient." I12
Veto rights: the role of gatekeepers
Another important access element is the appointment of gatekeepers with a veto over local clinicians or researchers, in order to maintain a degree of control over the biosamples. One particular reason why biobanks allow such veto rights is competition. For instance, one respondent highlighted:
"So the PI can say, sure, I will accept a request to view the samples from a researcher who is working in a different field. But if it's like a breast cancer study, if it's his biggest competitor who wants to access those samples then he or she might say, no, I am still using them for that purpose, I won't allow it. And that seems reasonable to me." I8
Different ownership models
The respondents also mentioned differing ways in which ownership is dealt with in practice. While acknowledging the particular legal provisions that may vary between countries, most respondents highlighted that a core challenge with regard to ownership is the role of local scientists who contribute to the biobank by collecting the biosamples:
"The legal aspect is one thing. Then the other thing is the PI (…). They feel a strong sense of ownership (…) and they view the samples as theirs." I9 One currently applied strategy on how to deal with this challenge is an access model with "shared ownership": "Okay so in general the way we function is half of the aliquots belong to the PI okay so then we do all the work, all the service to constitute his collection for his research, so he's very happy with that and the other half of the collection is ours, the custodianship of the biobank." I11 See Table 1 for further ownership models that were mentioned in the interviews.
Procedures for compensation
In general, all biobank experts agreed that the question of compensation is of utmost importance in practice. Here again, the respondents expressed a range of procedures for how compensation is governed. The procedures range from a "mandatory co-authorship" to "only acknowledgments" and from access "free of charge" to "charge per publication". Generally, the question of compensation is dominated by some sort of academic recognition rather than monetary compensation. For local researchers, who contributed to the collection, the commonest sort of compensation is the prospect of coauthorship. One respondent stated very clearly that:
"They are all scientists and they say: yes, I will share the samples, but I want something back, not money, but I want to be at least acknowledged in the publication or listed as co-author" I2 (translated by the authors) However, it was stressed that co-authorship must not be promised gratis, but subject to clear provisions, and requires some intellectual contribution to the specific research project: Moreover, one respondent also highlighted the need for a good sense of proportionality, especially when collections have evolved over a long time:
"We try not to exaggerate that. (…) well there are two things: We encourage that always a local researcher could be involved in the project, which could make sense in many ways. First of all it makes sense, because then it is easier for the external research group to find their way around to have an internal expert. (…) And they (…) are almost in every case very happy for that. (…) if this person contributes scientifically, we would say that he should or she should probably [be] offered a co-authorship. But only if it is played by the banker rules. Sometimes when people ask for request to let's say diabetes data, where there is a diabetes research group with a PI that has been 20 years of his life to organize this, followup and prepare data, then it is obvious that he would be offered a co-authorship." I8 For biobanks to be compensated, the Bioresource Research Impact Factor (BRIF) was seen as a valuable instrument, but respondents also highlighted that it will still take some time for it to fulfill its potential, mainly because it is not yet popular enough.
In some cases, even the (voluntary) donors are indirectly involved in the governance of compensation. For instance, one respondent stressed the possibility for industry stakeholders to access biosamples, when in return they agree to provide the projected product to the donors: "I don't want to be negative with academic research but in general the output of academic research is a paper publication. So then from the outcome of academic research we can only argue about the general benefit for the future generations. (…) if it's a request coming from industry then there is much more chance that there is a practical application, either a diagnostic kit or pharmaceutical product or, you know, a new method that is validated and that would be applied and in the real everyday life and there can be a direct benefit, practical benefit to the population. So in this case we have tried (…) a clause where the local hospital from which the patients have been recruited, the samples have been collected that there is for example a limited license maybe for a certain period of time, for the use of the product, the diagnostic kit or pharmaceutical (…)" I11 Please refer to Table 1 for further categories and specifications that fall under the overarching theme of "compensation".
Perceptions of and practical experiences with priority setting
For most respondents, prioritization of access was only occasionally an issue. However, most respondents agreed that this might become a challenge in future. Indeed, some argued that they would appreciate being faced by prioritysetting challenges as this could serve as an indicator for a popular and well-appreciated (high quality) biobank:
"So, even though (…) more customers will probably mean more challenges in terms of prioritizing, it is a matter of, I would say, life and death for a biobank to have customers. " I8 When asked how they handle situations in which they need to prioritize -even if only theoretically, because it has not yet been necessary for them-the respondents mentioned plenty of decision criteria (please refer to Table 1 for details). These criteria broadly divide into criteria related to (1) requesting researchers (e.g. degree of qualification), (2) scientific merits (e.g. innovative study design), and (3) biosample-related criteria (e.g., projects requiring small amounts of samples are prioritized).
The value of different biosamples was another topic that arose in the context of priority-setting discussions. Here again, respondents provided a wide range of viewpoints. While many stated that the value of biosamples is determined by different variables (e.g., rarity, quantity, and quality of related data, etc.), others argued that a priori all biosamples are of same value, but that it is the concrete use/ analysis that makes it valuable. Please refer to Table 1 for further categories and specifications that fall under the overarching theme of "prioritization".
Discussion
In this in-depth interview study, we assessed the qualitative spectrum of experiences regarding the governance of biosample access, prioritization, and compensation in the practice of 20 international research biobank experts. In the following, we discuss the results against the background of currently existing regulations and policies, and will give an outlook on future developments.
Heterogeneity and lack of harmonization
One key finding that applies to all of the three governance topics access, compensation, and prioritization is the multitude of different approaches in practice. While this might to some extent rely on national or regional particularities (e.g., data protection rules) or on different (research) core areas of the biobanks (e.g., rare diseases versus common diseases), this finding could also imply potential barriers for the overall goal of an international research framework that aims to facilitate rapid access to human biological materials provided by different biobanks. In Europe, for instance, BBMRI-ERIC was established in order to develop and operate a pan-European distributed research infrastructure of biobanks and biomolecular resources with the overall goal of facilitating access to resources.
Interest in harmonized policies for access and compensation
Despite the current differences in how access and compensation is governed, all interview participants indicated a general interest in having more standards and harmonization, as this will support the overarching goals of networked biobank research. Therefore, future policy development for access and compensation in biobank research should explicitly acknowledge the status quo as demonstrated in this paper and propose minimum standards necessary to facilitate networked biobank research. The same policies and guidelines should also indicate examples for how individual biobanks can acknowledge local particularities in their governance framework without compromising their contribution to networked biobank research.
Balancing of interests
Most of the respondents in our interview study were highly supportive of research using the biosamples stored in their facilities and emphasized both the importance of international networking and sharing of resources, and their willingness to contribute to this goal. At the same time, the respondents virtually all agreed that a biobank needs local researchers/clinicians to collect and contribute biosamples and that a biobank is therefore necessarily embedded in a larger local research setting and its particular interests. Furthermore, biobank governance has to acknowledge that the interests of patients (who donate their biosamples and related health data) and the interest of the public (via public funding organizations and tax-based support of universities) are substantial contributors to the biobank infrastructure.
It was stressed that local researchers/clinicians, often physicians, often seem to consider the biosamples as their own; although, the question of (legal) ownership is still controversial [25] [26] [27] . While the interview participants questioned physicians' perceived "right" to control the use of locally stored biosamples that they collected as part of their publicly funded job profile, they found it obviously legitimate for this group of researchers to be appropriately compensated for their contributions to the biobank.
As most biobanks are publicly funded, partly by direct grants and partly by public support of their respective universities [28] , biobanks should foster the use of biosamples and data for biomedical research projects that are of high scientific and/or social value [5] . Furthermore, patients/ donors (representing part of the "public") face certain risks when consenting to biobank-based research [27] . To compensate for these risks, biobank-based research should again ensure that the supported research projects promise high scientific and/or social value [29] .
Against the background of the above-outlined interests in biobank-based research, biobanks do not only provide the infrastructure for the processing and quality-controlled storage of biosamples and related data but, in addition, act as stewards of the hosted resources [3, [30] [31] [32] [33] . Many interview participants highlighted that biobanks are charged with ensuring the ethically and legally sound utilization of human biological materials and related data in addition to capturing their scientific value.
These different stakeholder interests can conflict, especially when access to biosamples for high-quality external research projects is hindered or even completely blocked. The likelihood that both social and scientific value are best promoted increases when access to biosamples and related data are generally possible for all researchers worldwide [34] . Furthermore, some innovative research questions might depend on high sample numbers and, thus, international networking might be even more fruitful. In conclusion, both innovative research projects and international collaborations can contribute significantly to the societal and scientific value of biomedical research making use of high quality human biomaterials and related data stored in quality-controlled (certified) biobanks.
Future policy development in biomedical research should, therefore, concentrate on how to balance the different interests of patients/donors, (public) funding agencies, clinicians/ researchers collecting, and biobank staff processing and storing human biological materials and, thus, acting as stewards of the hosted biosamples. In analogy with and response to the normative principle of "broad consent" given by patients/donors, clinical biobanks processing and hosting human biosamples could be guided by an overarching normative principle, such as "broad access". Such a broad access to stored biosamples might lead to competition among the best and most promising biomedical research ideas and proposals and, thus, augment the likelihood that the scientific and societal value of biomedical research will increase. However, this ideally formulated normative concept of "broad access" needs to be further developed, always respecting the historically developed local research environment as well as current political and economic factors.
Prioritization
While the issue of priority setting might not be of the utmost importance in the current practice of biobank-based research, it might soon become urgent if broader access policies are promoted and implemented. Guidelines that aim to introduce priority setting in future access decisions will need to determine and to define what classifies (qualifies) low versus high-value biosamples and low versus high quality biomedical research projects.
Conclusion
In order to facilitate and achieve optimum use of human biological materials in biobank-based research, further development of guidance is needed focusing on appropriate generic models for access, compensation, and priority setting, including means and strategies for conflict resolution between the different stakeholders involved in biobank-based biomedical research. The qualitative results of the present study may serve as a comprehensive source for future discussions and decision-making on such guidance for clinicians/researchers, regulatory bodies, (public) funding organizations, patient organizations, and the general public. In the future, biobanks will increasingly develop toward digital databanks that run inhouse analysis on the samples, sharing only the data without handing out larger quantities of samples. The UK Biobank is a prominent pioneer in this regard. This development might in the long run also influence questions on access to samples and prioritization.
